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TEMPERATURF AND STRAIN WaTF TEPEMIENCE OF THE MPCHANTCATL PROPEKFIES

OF A BRERYLLIUM -3°WDL, % ALUMINUM ALLOY

D.F. Hasson, J. Jellison, J.D. Grimsiey
Journal of Iess-Common Metals, Vol. 37, No. 1, p. 13-19, July 107h

COMPOSITE, TO METAL BONDING USING STRUCTURAL THFRRMOSETTING ADHESIVES

7.J. Reinhart, Jr., W.M, Scardino
Air Force Materials Laboratory
Wright-Patterson Air» Force Base, Ohio

Society for the Advancement of Material and Process Engineering
Materials and Procesces for the 70's - Cost Effectiveness and
Reliability, p. T13-731, October 1973

CONSTANT AMPLITUDE FATIGUE TESTING OF LOCKALLOY SHERT

Interdepartmental Communication
To: F.A. Crossley/D.D. Crooks

Lockheed Missiles and Space Company
J.M. Van Orden .
Iockheed-Cslifornia Company

ADL/T2-51-126, July 1972
(1OCKHEED PRIVATE DATA)

From;

LOCKALLOY RESFARCH AND DEVELOPMENT - FINAL TECHNICAL REPORT
FOR PERIOD 1 OCTOBER 1970 TO 1 MAY 1972

F.A. Crossley/D.D. Crooks
Loékheed Missiles and Space Company

IMEC-D267216, May 1992
(LOCKHEED PRIVATE DATA)

FATIGUE TESTING IOCKALIOY SHEET

Interdépartmental Cormunication

To:  F.A. Crossley/D.D. Crooks

Lockheed Missiles and Space Compary
J.M. Van Orden/W.J., Graig
Iockhesd-California Company

ADL/72-51-h0, February 1972
{ LOCKHEED PRIVATE DATA)

Fron:

BRRYTLIUM-AFUMITIM ALTOY EXTRUSIONS SiAve WETSHT
IN MLWUTEMNSGE TTE MISL T

Industrial Heating, April 1971
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OLD ALIOY ¥ILDS HEW USE; BERYLLIUM-ALUGAINIE ALIOY

T8 TATURAL FOR MIoGLTMG

Iron Agé, ceptember 1970

THVESTIGATION OF BERYLLIUM WITH ADDED DISPRESOIDS

J.W. Moberly, D.D. Sherby, J.C. Shine
Stunford University ard Stanford Research Institute

(Contraét F33615-67-C-1512) ,
AFML=TR=6Q-2L7, October 1909 . . ... ... ... ... ...

DESIGH. FAPRICATICK, AND TEST OF TUBULAR BERYLLIUM AND Be-38A1
ARIOY ©RU3S-TYPE SIRUCTURES

D.R. Rurmler, G.R. Wichoreck
National Aeronautics and Space Administration
Langley Research Center

NASA TH.D-5245, June 1969

- THE STRESS CORROSION BEHAVIOR OF BERYLLIUM AND Be-38 YERCENT

AT ALLOT IH A SALT WATER RNVIROIMENT

H.D. Moore
Lockheed-Georgia Company

Society of Aerospzce Materials and Processing Engineers _
Science of Advanced Materials and Process Engineering Proceedings, Volume 15
Materials and Processes for the 70's, p. 853-859, April-May 1969

MECHANICAI PROPERTIES AND COIUMN-BEHAVIOR OF THIN-WALL
‘Be=30A1 ALLOY TUsIia

DoRo RUIE!TL].EI‘ )
National Aerenautics and Space Admifistratioa
Langley Research Center

NASA TN D-5145, April 1969

TEST METHODS FOR EVALUATING MECHANICAL PROPERTIES
OF AiIISOTROPIC MAIERLALe (BERYLLIUM)

R.¥W. Fenn, Jr., D.D. Crooks, W.C. Kinder . .. . ____.
Lockhegd Misciles end Space Company

(Contract F33615-67-C-1290)
AFML-TR-68-373, February 1969

PRODUCTION TECHNIZULS FOR THE EXTRUGION OF THIN LOCKATIOY CIAPES

C.H. Zemu', P. Loewenstein
Whittaker Corporatiion, juelear Melals Division
{contract F33615-07-C-3216)
AFML-TR-66-239, Ausust 1068
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DEVEIOPMENT OF OTRUCTURAL TEST ARTICTEN FROM NEW AND
UNCONVEL T TONAL MATERIALS, PHASE L

R. Alario

"Republic Aviation Division, Faircehild Hiller Corp.

(Contract NASB-20522)
NASA=CR=08463, March 1968

POSEIDON €3 BERYLLIUM/LOCKATLOY STUDY.

A.H., Petersen .
Tockheed Missiles and Space Company

(Centract NOGO30/66G0186)
IMSC+DO50436, Jamary 196
(LOCKHEED PRIVATE.DATA)
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FORMIIE AlD MECHANICAL JOINING CRITERIA FOR
BERYLLIUM STRUCTURES

S.E. Ingles, W.H. Kinney
Lockheed Missiles and Space Company-

Society of Autdomotive Engineers Transactions, Sec‘ion 3,
Volume 76, Paper &7080kL, 1968 :

FEASIBILITY STUDY - BRAKE FORMING OF LOCKALLOY AND
BERYLLIGM-

. W.H. Watts

Ieckheed-Gedrgia Confj:any

GMRT 1337.00, Decdember 1967
(LOCKHEED PRIVATE DATA)

STRENGTH, EFFICTENCY AND DESIGN DATA FOR BERYLLTUM ALLOY
STRUCTURES - A PRELUMINARY HAMDBOOK O BERYLLIUM-ALUMINUM Qe-'_’;BA_J;)_

G.F. Meclean
Tockheed—Missiles ahd Spacé Company

IM56—No. 6796006
Structures Report SR/107-T/5523, Oetober 1967
(LOCKHEED PRIVATE DATA)

IRRADTATION WEFFCTS Ol THE MECHANICAL PPROPFRTIFS OF H--00
GRADE DeRYELIT ANE IL'{'C]’J\LLOY AP CRYOGEHC FEMeY PATURES
R.P. Shog-n '

Westingnouse Electric Corporation, Pittswurgh, Pa.
Astronucle:r Luboratory

WANI~TME- 1655, Teptomter 1967
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INVESTIGATION OF EABBIPITION PROCESSYES AND_NEW
MATERIALS KO ADVAia WDAﬂwlmm.APHU%THm“
J.A. Astorian, H, Binder, R.D, Lloyd, E,E. Ritchie

Marquardi Corp.

MRECHANICAL=FROPERTY DATA 62Be-38Al ALLOY™
Battelle Memorial Institute
(Contract—AF33(615)-2494), March 1967

NONFERROUS_ALLOYS Be38A1 LOCKALLOY CODE 5102

Aerospéce Structural Materials Handbook
{olume 4 197k Publication

AFML-~TR-68-115, March 1967

MAKING SATELLITE STRUCTURES FPOM BERYLLIUM-LOCKALLOY

J.A, Van Hamersveld, T.S. Svendsen, W.C. Hayes
Metal Progress, Vol. 91, p. 91-G5, February 1967

'LOCKALLOY BEND TEST STUDY

E.H, Rennhack
Lockheed Missiles and Space Company

Manufatturing Research Investigation - Final Report
MRI 226.00, December 15, 1966
(LOCKHEED PRIVATE DATA)

GOMPARISON_OF LIGHIWEIGHT STRUSTURAL MATERTALS:
e, AND ALLOYS OF Bu, Mg, Al, AWD T1

R.W, Fenn, Jr., D.D., Crooks, R.W. Brodie, S. Chinowsky
Society of Automotive Engineers, Aeronautic & Space
Engineering and Manufacturing Meeting

Los Angeles, California

660652, October 1966

DIP BRAZING OF BERYTIIUM AND LOCKALLOY

G.B. Pinkerten
lockheed Missiles and Space Company

Manufacturing Rescareh Tnvestigation - Final Hepuert
MKRI 65,00, July 1, 1966
(LOCKIFED i R1 /AT DATA)
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o MECHANICAT, PROPERTTRS EVATUATION OF TOCKALIOY SIFRT {PHCTMEN:

J.A. Gottbrath _
Lockheed~nlifornia Company

ot IR 1969G, May 1966 .
(LOCKIERD PKIVATE DATA) : ’
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= MECHANICAL PROPERTY EVALUATION OF NEWLY DEVELOPED
' v + STRUCTURAL MATERTALS '

1..G. Beall, Jr., W.5. Hyler
Battelle Memorial Institute

(Contract No. AF33615-2Lgl)
AFML-TR-66-155, April 1966

7 STRUCTURAL WEIGHT AND COST COMPARISON OF LARGE SPACE
STRUCTURES EMPLOYING BERYLLIUM-ALUMINUM ALLOYS

H.H. Armstrong, A.B. Burns, R.G. Crawford
ATAA/ASME Seventh Structures and Materials Conference, 1966

LA

BERYLLIUM ALLOY (IOCKALLOY) PROPERTIES

R.W. Brodie
Iozkheed-Californla Company

LR 19359, December 1965
\ LOCKHEED PRIVATE DATA)

WEIGHI'-SAVING THROUGH USE OF BERYLLIUM-ALUMINUM : - i
ALLOYS FOR SATURN-TYPE VEHICLE STRUCTURES : o

H.H.—Armstrong
Iockheed Missiles and Space-Company
Huntsville Research & Engineering Cénter

(Contract NASB-11298)
Technical Report HREC/1298-1
IMSC/HREC A712h31, December 1965

A MECHANICAI PROPERTY EVALUATION OF Be-38A1 ALIOY
FROM -320 TO 8OOF

R.%.-Eenn, Jr., D.D. Crooks, G.W. Watts, A.S. Neiman
Metals Engineering Quarterly, Vol, 5, p. 37-47, November 1905 S

EVALUATION OF Be-384 Al ALLOY

R.y. Fenn, Jr., W.C, Coons, D.D. Crooks,

A.3. Neiman, J. Robinson, G.H. Watts

lockhcod Missiles and Space Company - Final Report; February 190.
{Contract No. NASB-11L8)

NAS CR-6U3h3
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BERYLLIUM-ATUMI%UM ATLOYS

R.W. Fenn, Jr., DA, Glass, R.A. Needham, MUA. Sleinbere )
Journal of Spacuerafl and Rockels, Vol. 2, No. 1, p. 87-93, Jamsary-Fohruary 1065

LOCKALLOY. . . AN AEROSPACE STRUCTURAL MATERIAL

Kawecki Beryleo Industries, 1965

MANUFACTURIKG AND PROPERTIES OF RERYLLIUM-ALUMINUM
COMPOSITE MATERIALS . '

. W.H. Santeschi and W.G. Marz

International Confcrence on Beryllium Metallurgy and
Pechnoiogy, AIME, Philadelphia, Pa., October 196k

PROPERTIES AND BEIAVIOR OF BERYLLIUM-ALUMINUM ALLOYS-

R.W. Fenn, Jr. D.D. Crooks, W.C. Coons, E.E, Underwood
International Conference on Beryllium Metallurgy and
Pechnology, AIME, Philadelphia, Pa., October 196k

NFW DUCTILE BERYLLIUM-ALUMINUM WROUGHT ALIOYS

R.W. Fenn, Jr., D.D. Crooks, R.C. Pasternak
Symposium on Newer Structural Materials for
Aerospace Vehicles

American Society for Testing Materials--
Special Technical Publicatioun No. 379, dJune 1564

LockaLIeY
The Beryllium Corporation, 196l

BERYLLIUMSALUMINUM-ALLOYS, THE NEW LOCKHEED ALLOY (LOCKALLOY)
FAMILY: OF LOW DENSITY, HIGH MODULUS MATERIALS

Lockheed Missiles and Space Compeny

IMSC-DIC-173, August 1963
( LOCKHEED PRIVATE DATA)
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COMPONENT. TESTS FOR LOCKALLOY VENTRAL
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LT eccentric and proved out to be defirient,
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INTRCBUCTION

Tn order to verifly lhe desipn of the Lockalloy ventral fin (3NASGEY) for the

YK-1: airplane, sceveral siructurel component tests were performed. 3Hince the

Lockalloy material was nol available at the time of these tests, 3’1 annealed

sbainless steel, which has similar mechanical properties, was used instead.

he first test waz of ihe Lockalloy skin panel splice joint. This joint was
Accordingly, a second specimen

with greatly reduced eccentricity was tested. This design proved satisfactory.

e The last test was a stability check of the compression surfaces of the ventral

;; fin. A specimen box was built which had surface support structure representative

ff of that in the ventral. The box was loaded in bending to tailure und compression 1
? surface stresses were measured by means of strain gages. This test showed the . ..;
: surface stability stress achieved to be satisfactory.
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T JOINT TESTS

‘;* | The test of aspecimen nurber one, which is ghown on Fig.'s D-1 and D-2, demonstrated
: this unsymmetrical design to be deficlent, The hoint carried compreasion load up
to 15,865 lbs. (1,476 1b./in.) but there was considerable ylelding due to bending

in the titanium splice strap before this load was-reached... See Fig. D-3 and Dk,

-4

Accordingly, ai external titanium strap was added to elimlnate mogt of the Jjoint

e
)i

eccentricity, This joint 1s also shown on Fig. D-3 and Fig.'s D-5 and D-6. This

ii RS

specimen failed at & load of 23,000 lbs. (2,140 1b./in.) and did not exhibit

excessive deformation during loading, _See Fig.'s D-7 and D-8.

'll' ;;iui-“

Plots of load and stresses in the basic ,156 sheet are shown on Fig. D-9, Stresses

[ R IRE M

were measured from straein gages mounted back-to-back 1-1/2 inches from each edge in

the center of the upper panel, The non-linearity exhibited by the struin gege

mesgurements makes the stresses calculated from the load measurements more believable.
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FIG. D-3 BOWING FATLURE OF SPECIMEN
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COMPRESSION STABILITY TEST

Discussion

Thig test was devised to verify the stability of the compression surface of ihe
Lockalloy ventral fin. The specimen consisted of a box with thick steel skins
supported by comparatively light titanium substructure. 321 annealed stainless
steel was used for the skins because of the unevailability of the Lockalloy at the
time of the test. This stainless steel has a modulus of elasticity and a com=
pressive yield strength very close to those of Lockalloy ana since the test was
performed to check compression panel stability, the material substitution was valid.

Table D-1 shows & comparison of mechanrical properties,

The upper surface of the box was designed to represent the surface of the Lockalloy
ventral fin with the rib and beam spacings giving a comparable b/t ratio. Attach-
ments were the same as for the ventral - NAS1581V3-3/16 small headed countersunk

screws with comparsble spacing.

A drawing of the test specimen can be seen on Fig, D-10 and photos of the structure

on Fig. D=-11.

Test SetuE

The specimen was instrumented with 15 sets (back-to-back) of axial strain gages,

2 sets of shear gages, and 9 dial gages for deflection measurements., Strain gage
instrumentation and designations are shown on Fig, 1-12 and Fig, D-13. Strein gage
readings were printed out by a Beckman recorder and deflection readings were

recorded manually,

The gpecimen holding fixture and loading jack arrangement are seen on Fig, D-lh,
Nominal loads for the approximale stirength level desircd are shown on Fig, D=19, hut

these were arbitrariiy doibled for the test to take care of any overrun.,  Thus, 1he

————
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Page D-11

load schedule against which the stresses and deflection are plotted, is not

related to design load.

These loads were applied by metered hydraulic pressure to the loading jacka with
an Edison hydraulic load maintainer. Actual jack loads were measured with a load
cell on the inboard jack and s pressure gage on the outboard Jack. The measured
loads differed slightly from the nominal, as applied loads of the load maintainer

and are considered more accurate. Thege loads are plotted on Fig, D-15.

Tegt Results

Loads were applied to the specimen in 5% increments until the 15% level was reached.
After these readings were taken “he load was reduced to zero and readings again
taken. Then the load was returned to 15%, readings taken, and then advanced to 20%,
In this way the load was progressively incremsed with zero readings being taken
after each nevw high load. The loads were allowed to stabilize for one minute
before readings were taken. After the 65% load level was reached, and 12 seconds
hed elapsed, the upper surface of the specimen failed in compression. No readings

at 65% were obtained so date must be extrapolated to this point.

Stresses calculated from the average strain measurements of the six gages in the
center of the center panel of the specimen are plotted on Fig. D-16. The plot i=
extrapolated to the 65% load level and this shows a stress level of 21,800 psi at
gpecimen failure. There is a slight non-linearity near the failure stress indicating
gsome yielding of tic panel, B8tresses are celculated using a modulus of elasticity

of 28 x 10° psi. Panel buckling behavior 1s illustrated by Fig. D-17 which shows
individaal plots of the two center back-to-back stresses, These curves show panel
initial buekling to occur al about & 12,000 psi stress level. Buckling behavior

can also be otbserved on Fig, D-18 which shows individnal stress plots for Lhe back-

to-back strain gapes at the inboard center ot the conter panel of {ne speeimen,
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Test Regults (Continued)

Deflection and permanent set measurements at the outboard end of the specimen are
plotted on Fig. D-19, The plotted points are the average readings of the three

outboard dial gages.

Fig.. D-20 ghows the specimen after failure.. Note that the faillure occurred adjacent ...

to the inboard load plate, At this point the bending moment is 12% higher than at

the center of the specimen.
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INTRODUGTION e

The following report containg external loadinge, critical inte¥nal loads,

and stress calculations to verify the structural integrity of the Lockalloy ventral

fin. Internal loads and stresses are caAlculated by setting up & structural modsl of

the ventral. and.employing the NASTRAN.program,

Adaitional struetural verification is supplied by the ventral fin probf test

in whieh the vertral is loaded to limit load for three critical conditions,
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DESCRIPTION

'i‘he lockalloy ventral fin assembly is sHown on Bigure 1 and Basic fin

!If\ i:"l "

7 geometry is shown on Figures 2 and 3+ The fin structure eassentially consists of~—

|

Jere

.050 B=120 annéaled titanium channel type ribs and beams with ;150 and ,125 thick o

1

P

lockalloy skins, Skin panels—are avallabie In limited sizes so appropriate.

splices are provided. All of the. panels on the right side of the ventral are

HIHEEEE
'

LT ]

removable providing ready access to the inside. There are two principal beams

at 41,24 and 72.6% chord lines...These beams-attach, at the root rib, to the two
= hinge fittings., The ventral is rotated about these hinge fittings. to retract it
L * for tékeoff and landing. The forward fitting reacts all of the ventral spanwise.-. .. . i
bendifig moment and provides the actuation .mechanism.. The rear h‘ing_e fitting

reagts side load only,
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= | STRUCTURAL, MODEL .

DESCRIPTION
The structural model used to calculate internal. loads. is shown on Flgure h, ..

Trhie NASTRAN program is usad. The structural.model. is for one half of the ventral,
from the ventral centerline (Buttline 0) to the left-hand contour, with anti-
symmetric conatraints at the. cenferline.. Since the model repiggggﬁg_pg;prne-half
the-structure (in this case the left half), one half the totel ventral load is

T applfed to the structural model..

: o The Lockalloy surfaces are modeled as shear panels. Surfaces are also
considered 100% effective axially, therefore the total surface area is included

oz With the titanium beam and rib flanges as beam and rib cap areas in the model.

The titanium beams.and .ribs are modeled as shear panels with axial elements
as caps, with effective skin as noted above. Posts at rib-to-beam intersections are -

modeled as axial elements.

lm

T - All sectlion properties, gridpoint locations and intefnal loads are contalned .
{n unsubmitted data. Representative internal loads data-is plotted on Figures 7
S " through 13. The total applied loads are listed in the table below,. . Gridpoint loads

or panel pressures uged to represent these applied loads are given on Pages 11-13.

TOTAL-VENTRAL APPLIED LOAD (ULTIMATE)

CASE NO. | CONDITION | Py 1B C.P. | TEMP—|
1 | cruise 6,685 7,29 550°F
o 2 FWD. C.P, 6,822 15.0% R.T.
-__ ) 3 AFT C.P, | 6,207 T1.1% R.T.
’_ A ARB, FWD-C,P. b ,695 5,04 | R.T.
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This essentially representa._the following basdic loads;

STRUCTURAL MODEL

CASE HO.

Py (uLT,)

- C.P.

1

P PSR |

6,600
6,822

47,29
15.0%
72.0%

5.0%

Page E-10
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STRUCTURAL MODEL

b
(A

[ R

!

T .
AU LN

s
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(“I\\ “

R il S SR e
GRID POINT LOADS A (uiT)
CASE _ . ) 2 3 .. 4
CONDITION ENG. FAre ¥ 1g 4:»!7 AL, DEFL, ARE, Ds'w"“‘z
TOTAL VENTRAL SIDE LOAD. (ULT) 7y L3 L8322 §201 4495
___® PER, CENT CHBRD. S ‘s 7. 5
GRIDPOINT | FUS. STA. | WATERLINE]| - -
2825 3P 411 %230 | 590.71- 232.4-
27 1145.956 52.35 178.% 35¢.6
29 151,495 42,40 197.0-. 324.0
3/ 1159034 22.45 t 4.6 34T
23 165.902. | 232,00 lbb.lo /153.0
ga 24 1S, 2T | 62.3 428.5 Q l62.6
26 /15455 | 52,35 N 274, 5 ' I54.9
28 HeléH3-| 42,40 ) 223.0 'i’ 1264
o [166.230 | 32.45 b4 145, ¢ Q 106.3
32 112,279 | 22.00 3 13.0 49.5
Frie hes3. g 62.3 e 125.1 §
26 116 .954| 52.35 v 193.2. ' 2.1
2 ¢ nio.1Me | 2.4 . 106.7 . 7.7
30 iy, 27 32.45 g §3.5 2.9
32...| INv.6% 22.0 2 /6.5, 2.0
74 26 HI.453 | 52.39 a -.5
Fe 14~ 1197 308 (2.3 _ 146, 2 8. 1@
26 i1e7.713 5235 35 o b2.4. &.R 7823,
28 1192.278 H2.4 ‘ §7.2. ¥ FS.JB#ZW
3o N4 693 |  32.45 . g . 428 W.l. ?a.mg
32 HFT.373 | 22.0 N 22.8.) a
§724 099.705 | 61.3 S 32.0 el L ed@
26 /202,190 52,35 “ 23. 4 4.p 8022,
26 1204,075 | 4240 < 23,4 2
: ES. HUA‘?&S
3o 1202 leo F2.48 1o _ WLl 22999
3% 1207, €0} 22.0 @ £3 e
&t (220,57} AR § 2.2 b,
26 1220.571| 5235 < 7.8 8
2¢ 220,59 |  #2.4 3.1 3
Jo 1220, 57 32.45 2.8
- 2 1220.5N 2:.00 Ly
Qo 24 1230.931 2.3 £1.3
zé 1330.137| 5235 22.%
2g l230.937 4Ly 20:9..
J0 1230.937 32.45 152
22 /230.737 21,00 6.k
A-- THESE LoADS ARE Yi THE TOTAL LOAD APPLIED TD THE VENTRAL. SINCE THE MobE(
REPRESENTS V2. THE STRVLTURE, THE INTERAAL LOADS ARE 100% 45 uiTmare.
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STRESS ANALYSIS

ey

Page E-1Y4

The ventral carrief most of the intexnal loads in_the surface skins which-are of
heavy_gauge lockalloy material. The relatively light titanium substructure, in

the main, provides stabilization and support for the surfaces as well as splicing. e

the surface panels which are relatlively small. The gurface panels are desligned
to be nonbuckled at ultimate load; since the skins are so heavy relabtive to the

support structure, bﬂcgling stress is considered to be fallure stress,

e
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= FRON THE NASTRAN- STRESS PLIT OF F/G. [0
i THE MAXIMUM SHEAL STRESS /5 9#00 P50,
T How EVER THE PROVE FESr smiwsd. A4

L M GHER )EASURED KOOI /I8 WES SHSAR :mt:s
fs(Easweco) = Y420 psr (2rm.)

| cT _ TFTHERIB WESB /5,063 ANVO 4.30 "DEEL .

Fole T#/S (oA/F/c;a/?A rront VE=Z.40 (5m 334 F/a.c)
- A f = e 2¢(- 4
: (/)e 06'3 z ¢

.y Fscrr doooo ps/

" M.S. = goove/20xss =/ s /4
s CRITICAL WMER SHEAR /S AT SSIN. AFT

OF THE L.E. AND 15-$300 ps/ (REF £16./2)

AT THLIS POINT WEB 15,056 AND 3,80 OEFP
FoR THIS CoNFRIGYRATHM VE <2.70 (M33d F6.6)

{6/6)8,_-: ﬁ-*}e&_'j = 28&./

Fser = /76ac As/ - "

e e e 17606 / #900 -/ = el ’
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LOCKALLOY SURFACE

THE LOcCr ALLOY SURFACE /S CRIr/ICAL

N BLAXIA L. COMPRESSION ADJACEN > 70O

FHE FROMT.BEAM RUOT FITT/NG.

AL LOWABLE STRESS FORL .LPANEL STABNHLIX /5
TAKEN FROM 5F-F3%6 "COMPONENT 7ESTS
FOR LOCKEALLOY VENTRAL". THIS LR
DESCRIFGES A COMPRESS/ION STABILITY T7Es-
OF A BoxX Wrrr PANELS AFPPROXIMATING THISE
OF 7MHE VENTRAL . ALLOWASLE STRESS FEOM
THIS TEST 15 2/800 Ps/ (k)

SMT70& SFATES THAT FOR SQUAKE PANELS
UNDER BIAXIAL COMPRE SS/ION THE INTERALT 0N
RATIOS ADP O/RECTIY, (& FTHE JhO SrRESSES

ADD OIRECILY FOR FMARGIN CARLCULAT/OA

THE £0LEOLIING. MARGIN. OF SARLETY /3
QUITE CONSERVATIVE EECAUSE JTHE PANKLS
ADJIACENT 170 THE FRONT BEAM FITriNG EAH
HAVE A SPANVISE. STIFFENER WHICH RAISES
ITHE PANEL BUCKLING STRESS CONSIDERALLY.

CHORDWISE. SrRESS —
AVERAGE RErwEEN RooT R1B AND V.3.30.7T KR/A
18 USED (FwD ¢.P. CoND,)

fes -:Lze_ge.z;m"_-_- 9600 P53/ (/&'z". FIGS. 7;‘//)

SPANWISE S7RESS =
fe = = 7300 P/ CEEF. F16. 7 )

fr.""ZEQQ-*Z!QQ _ o
-2/800 77
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LOCKALLOY SURFACE

SHEAL. STR £5S. ~
fs= Qa0 pss

b=93, Z: 6 (ﬁ’f’ﬁ Li/e, .3/\.445-687)

Y& = 320 (smz3e fr16./0)
G’/s)e’ié__ = /9.4

320x/5

Fsem = /Booo ps/
Ls» 3lca. _
/foe0 /72

INTEL AC rroN L OR COMPRE SSION ANO
SHEAR IN PANME S !

£ "'/e,szv"/ (5/“7/‘7'6!470& /%C)

R4s
b SR

npe E-18

( ffﬁ.‘ £ra. /33
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LOCKALLQY SURFACK

REAR BLEAI
THE REAR BEAM CAP (LockAais oy JUEFACE.

Tgee: k=19

JANEL s) STRIESSES MEASORED DUL ING FNE

PrROOS TEST WMEEE. TWICE AS ACH AS
SPREDICTEL 8BY NASTLRAN FoL THE .7 cC.F
CONDLTION ., /NVEST/IGATION OF THIS. D75~
PARITY INDICATED FAMHAT THE NASTRAN. GL1D
WAS 700 COARSE M. THMHIS.REG/ION ANG

ACCORDING LY, AN INODLEPLPENDENT ANALYS/S .

WAS MADE OF THWE BEAR [EAM . <o TH/S
ANALYEIS THE REAR IS T 7/NG BEAEFION
AS WELL AS APPLIED ExyERNAL LOARDS
AND REACTIVE SHEAR FLow'S WNERE CoN~
SIQERED AS SHOWN /N FleurE @ . (FHE
R0 TEST KEAR FITTING LEACT/0M
AGREED CLOSELY WITH THAY CALCULATED
IN NASTRAN,) EFFECTIVE WIDTHS OF THE

SURFACE LDANE L. ACTING A4S THE REAR BFAN .

CAP WERE _CON §IDERED AS SNOWN ON
FIGURE 5., TNE. LESULTINCG. STHLESS LvS =
TRIBUITION /S IAN MUEN CETIER AGCREE~
PMENT WITH JTNE EXPERIMENIAL DA rA
AS SNOWN ON A/GURE C. A STRESS
CURVE OF 7THE FOoRM OF FIGWwRE C /S .
fAIRED THROUGH ZHE FES) DAFA LonTS
AND /5 INCLUWDED On FIGURE D, THIS
CURVE |5 USED FMOR FrE STRESS ANALY S/8,
NOTE THAT THE IMEASURELD STECESSES WERE
TENSION - FTHEY AR E ASSUMED BY
SYIIMETRY FO L& L QUAL AND OFPFPOs/7E
ON THE OFHEE SURFACE.
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LOCKALLCY SURFACE

LBEAL GEAL] corvrn)

THE PANEL SELONM THE FIBST RIB ANO AFT
OE T HE REAR BEAM /5 /07 0DEEF.BY /12 “
WIDE AND 128 THICK . (KK DWG INAS(ET)
THE PEAK S RESS AS MEASUREL ERar!
TEST /S YSEL AR ANAL VSIS HOWEYE R
THE RAIH. Of PEAL SIrREcS. 70 PANEL £OGE.
STRESS /S DETEIEMINED FROM THE ——
NASTRAN RLESULIS . .

FROM NAS 7RAAN

REAR GEAN? PEAK STRESS © 7§/0 OS5/
IV EL RO sr/IwE LSS = 9327 psr’
PANE L AFT STRESS -~ 7378/
LD EAFT PANEL AV = £I2 PS/

FOR THE FOLLAING —REF. SMM SM 33 F/6. 8

[
o= fu T 7®70- 83
VE = 2.60 (eer Frc.8.5ma3¢)

@/f)ﬁ‘ =7 2_1—3 720 - 37

Fer e (8700 pS/

A7 THE CENIER OF THE FPANEL ~10 7
BELON M L. 77.609
fe = /3700 psy

06’5/': ~r6. 6)

S, =8 799//3/00. --/ e E3
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LOCKALLOY SURFACE

A SPANWISE PANEL SPIICE /5 CHECAED.
CRITICAL SPLICE AREA 78S ADJACENT

S |

Papge E-27

70 ECO); L£I18 AT A O/STANCE OF $O/MNCAES

FROM THE LEAODING LDGE ..

THE SPLICE ALLOWAGLE LOAD 1S TAKEN .

FROM A COMPRESSION TESF OF A SPLICE. .
SPECLIMEN ANLD FPERTED sA APPENDIX..D.
COMPONENT TESTS FOR LOCKALLIY VENTRAL
IN THIS TEST FaE JO/NT FAILURE LOAD WAS
2300600 LB, For A J0.785 /NCH WIDE PANEL

Waie. = 23000 //0.7.:" = 2/40 LGN ..

ErB CARP S7B&sSS = //,50Q.pS/ (,Ez-‘ﬁ f/a.?)
FANEL SHEAR S7ARESS = 3200080

11500 <48 Po F20px./5= [ TF0 LEHN

MS. = 2/¢0f1790 =/ ~ 206
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c = ’4,8000 _— - p
S TR .83 (172 cPcomw)
AGR 18
pmcmm U AT,

oF POOR

THERMAL STRESSES

THE CONSIDERABLE DIFFERLENCE /N THE
COLER)CIENTS . CF EXPANSIOCN OF LOCk ALioYy
AND T/7TANIUM WLl INDUCE FHEENWAL
SIrrRECESL S AT ELEVATED TENMPLRA TURES,
THESE SIrRESSES W/LL BE GENERALLY Low
IN THE LOCkALLOY PANELS. GECAUSE o e,
THEY RAICE SO0 MUCH THMHICEEA . TIAN Tt
TV TANIVM SUBSFRUCTURE , 7HE H/AHEL
S TLESSES. INDUCED. /Y 7HE 7/ TANICM ARLE
MO PRLOBLEM BECAUSE OF /7'S GREATER
STRENGT M, ONE LOCAT/ON WHERE 7HE
TITANIM SOBSJRUCTURE /S HEAVIER,
HOWEVE IR, 1S INTHE AREA OF THE FeonT
O EAL SPLICE PATE FITTING , ACCORDING LY,
A MODEL OF 7"NIS& AREA WAS SEZ UP AND
A NASTRAN F7MNERMAL ANALY SIS 1n/AS Lo/
FOR THE SUPER SoNic CONOIT/ION. T°HE
KESVULES QOF TS ANALYSIS ARE PLOrTEDL
ON FICuRE | JTHE PHERMAL STRESSES AKE
APOED 70 7HE [BENDING SIRESSE s 70 CRICURE
A MARGIN OF SAFEZY, 7HE CRITICAL LoCATION
ISAT THE ENO OF THE FITFING. MWHICH /S
/]2 INCNES BEL oW THE Poor /Cr8, ABoyE
THIS PoyNT LOAD 7S TRANSFERRED OJT OF-
JTHE Lotk ALLOY RANEL INTQ T/HE FrI77T/NG.
THERMAL SIrREsS = 7800p51 (BEF Fia. /4)
LENDING. STRE ST §800p:54 695;. FI6G. 7)
@eoo L  Fru = 280600 ps/
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